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Summary: The reducing activity of rat plasma glutathione peroxidase on
phosphatidylcholine hydroperoxide (PC-OOH) and cholesteryl ester hydroperoxide
(CE-OOH) was examined since these hydroperoxides are the major oxidation
products of plasma. PC-OOH was reduced by the enzyme while CE-OOH was not.
The reduction of PC-OOH by the enzyme ceased when all thiol was consumed, but
the activity was recovered by the addition of glutathione, suggesting glutathione is
important to keep the enzyme in the reduced form. These results are consistent
with the findings that CE-OOH is present in human and rat plasmas while PC-OOH
is undetectable and suggest that one of the physiological roles of the enzyme is to
reduce PC'OOH € 1993 Academic Press, Inc.

Oxidative stress has been suggested to be connected with aging and
degenerative diseases such as rheumatoid arthritis, reperfusion injury,
cardiovascular disease, immune injury, and cancer [1]. The presence of cholesteryl
ester hydroperoxide (CE-OOH) in human and rat plasmas [2,3] is one evidence of
oxidative stress in vivo. When plasma or low density lipoprotein are exposed to
oxygen radicals, CE-OOH and phosphatidylcholine hydroperoxide (PC-OOH) are
the major oxidation products [4-6]. However, there is no detectable PC-OOH in

human and rat plasmas {2,3,7,8]. In order to understand the reason for this
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difference, we have studied the reduction of these hydroperoxides by rat plasma
glutathione peroxidase.

Glutathione peroxidase (GSH Px) is regarded as one of the major defenses
against oxidative stress [1,9], since it can reduce hydrogen peroxide and organic
hydroperoxides that otherwise can initiate oxidation of lipids, proteins, sugars, and
other biological components following their interaction with transition metal ions [1].
Three types of GSH Px have been reported and all of them are selenium enzymes.
The “classical” GSH Px found in red blood cell, liver, and other intracellular spaces

[9,10] can reduce hydrogen peroxide and free fatty acid hydroperoxides but not PC-
OOH [9,11,12]. Ursini et al. isolated the second intracellular GSH Px and found that
it can reduce PC-OOH [11]. It was named phospholipid hydroperoxide glutathione
peroxidase [12]. Thirdly, from the extracellular space, a plasma GSH Px was
isolated [13-15] and characterized [13-13]. This plasma GSH Px can also reduce
hydrogen peroxide and free fatty acid hydroperoxides [15].

The reduction of hydroperoxides by these three enzymes was studied in the
presence of milimolar concentration of glutathione (GSH). This is reasonable for
intracellular enzymes because milimolar GSH is present in these spaces. However,
plasma levels of GSH are very low (about 0.3 uM [20]). Therefore, the physiological
role of plasma GSH Px is not clear and the effect of GSH on the activity of plasma
GSH Px should be studied more carefully. In this paper, we would like to present
experimental evidence that plasma GSH Px can reduce PC-OOH but not CE-OOH.
The physiological role of the enzyme in vivois also discussed.

MATERIALS AND METHODS

Soybean phosphatidylcholine, cholesteryl linoleate, linoleic acid, NADPH,
GSH, cumene hydroperoxide, and glutathione reductase were purchased from
Sigma. Phenyl Sepharose and Sephacryl S-200 were obtained from Pharmacia
Fine Chemicals (Uppsala, Sweden). Solvents and other reagents were of the
highest grade commercially available.

Plasma GSH Px was separated from rat serum using a phenyl Sepharose
column and a Sephacryl S-200 column as described previously {17]. Fractions
which decompose cumene hydroperoxide were concentrated by an Amicon
Ultrafiltration Membrane Corn CF25 and stored at -80°C. 2-Mercaptoethanol was
present during all the purification steps to preserve enzyme activity. Enzyme activity
was measured by the oxidation of NADPH in the presence of 0.23 mM cumene
hydroperoxide, 0.25 mM GSH, and 0.12 mM NADPH at 37°C in air. One unit of the
enzyme activity is defined as 1 umol NADPH oxidized/min at 37°C.

PC-OOH, cholesteryl linoleate hydroperoxide, and linoleic acid hydroperoxide
(18:2-O0H) were prepared by the autoxidation of soybean phosphatidylcholine,
cholesteryl linoleate, and linoleic acid, respectively, in the presence of a-tocopherol.
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Hydroperoxides were purified by a semipreparative column as described previously
[21].

Hydroperoxides were incubated with rat plasma GSH Px in phosphate
buffered saline (pH 7.5) containing 100 uM EDTA at 37°C in air. The concentration
of hydroperoxides was analyzed by a chemiluminescence-based HPLC-assay
[2,21] by injecting reaction solution directly onto the HPLC column. HPLC columns
and mobile phases for the analysis of PC-OOH, CE-OOH, and 18:2-O0H were
respectively a silica gel column and methanol/40 mM monobasic sodium
phosphate (9/1, v/v), an octylsilyl column and methanol/tert-butyl alcohol (19/1, v/v),
and an aminopropyl! column and methanol/40 mM monobasic sodium phosphate
(9/1, viv). The concentration of 2-mercaptoethanol was measured by an HPLC

system equipped with an electrochemical detector.

RESULTS AND DISCUSSION

Figure 1 shows the decay of about 10 uM each of 18:2-O0H and PC-OOH by
2.6 units/ml of rat plasma GSH Px in the presence of 1 mM GSH. Similar to the
earlier findings [15]), 18:2-O0H was reduced by this enzyme and disappeared in a
minute. The formation of hydroxy linoleic acid (18:2-OH) was confirmed by HPLC
analysis after the conversion to a fluorescent derivative [22]. PC-OOH was also
reduced by the enzyme 1o its alcohol, PC-OH (Fig. 1). The reduction of PC-OOH or
18:2-O0H was not observed in the absence of the enzyme. The formation of PC-
OH was confirmed by its retention time using HPLC analysis and its absorbance at
234 nm. On the other hand, cholesteryl linoleate hydroperoxide was not reduced
by plasma GSH Px (data not shown).

It is interesting that PC-OOH was reduced by plasma GSH Px even in the
absence of GSH (Fig. 1). But, this may be ascribed to the presence of about 150
1M 2-mercaptoethanol used as the preservative of the enzyme. The specificity of
reductants for the enzyme is currently under investigation.

Since the peptide loops constituting the active site are strongly conserved
among “classical” GSH Px, phospholipid hydroperoxide GSH Px, and plasma GSH
Px [18], plasma GSH Px is likely to show a similar kinetic behavior with other GSH
Px. The “pin pong” mechanism consisting of three steps has been proposed for the
catalytic reaction of “classical” and phospholipid hydroperoxide GSH Px [12,23-25].
The first step of the catalytic cycle is the oxidation of selenol anion (E-CysSe”) by
PC-OOCH to yield a selenenic acid derivative (E-CysSeOH) and PC-OH (eq. 1). A
selenenic acid derivative is reduced by two molecules of GSH with intermediary
formation of a selenosulfide (E-CysSe-SG) between the enzyme and GSH (egs. 2
and 3).

135



Vol. 193, No. 1, 1993 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

30

+ GSH, - GSH Px

2 2= 2
- —GSH, - GSH Px j:‘
T
O 5 8 + buffer + GSH
Q T 10 Voo
&) +wes = GSH, + GSH Px %LJ
—0—0—0—0.
o <+ GSH. + GSH Px \,\O
-+~ 18:2-O0H; + GSH, + GSH Px
0 a X 0 . L " .
@ 0 10 20 30 @ 0 20 40 60 80 100
Time, min Time, min

Fig. 1. Reduction of phosphatidyicholine hydroperoxide (PC-OOH) and linoleic acid
hydroperoxide (18:2-OOH) by 2.6 units/ml rat plasma glutathione peroxidase
containing 150 pM 2-mercaptoethanol as a preservative in phosphate
butfered saline containing 100 uM EDTA in the presence of 1 mM glutathione
(GSH) at 37°C in air. The stability of PC-OOH in the absence of the enzyme,
GSH, or both is also shown.

Fig. 2. Reduction of 23 uM PC-OOH by 0.22 units/ml of rat plasma glutathione
peroxidase in phosphate buffered saline containing 100 uM EDTA in the
absence of GSH but in the presence of about 14 M 2-mercaptoethanol at
37°C in air. Phosphate buffered saline and 0.6 mM GSH as a final
concentration were added at the time indicated by the arrows.

E-CysSe” + Ht + PC-OOH > E-CysSeOH + PC-OH (1)
E-CysSeOH + GSH > E-CysSe-SG + Hy0 (2)
E-CysSe-SG + GSH > E-CysSe” + GSSG + HTY (3)

Figure 2 demonstrates the reduction of PC-OOH by 0.22 units/ml rat plasma
GSH Px in the absence of GSH but in the presence of 14 uM 2-mercaptoethanol.
The PC-OOH-reducing activity ceased when all 2-mercaptoethanol was consumed
but the activity was recovered by the addition of GSH, indicating the oxidized form
of the enzyme can be reduced by GSH. These results also support the “pin pong”
mechanism. It is noteworthy that the addition of buffer had no effect.

The level of plasma GSH Px in humans is about 0.2 units/m! [Yoshimura S., et
al., unpublished data]. If we take a specific activity of the enzyme as 125 units/mg
[9] and the molecular weight of the subunit as 23000 [10], the concentration of
selenium is; 0.2/125/23000 = about 70 nM. In other words, plasma has a capacity
to reduce 70 nM hydroperoxide without consuming GSH and the presence of 300
nM GSH will enlarge the hydroperoxide-reducing capacity. It is important that the
concentration of GSH is much higher than the level of hydroperoxide detected in
human plasma, i. €.,,3 nM CE-OOH.

In summary, it was shown that rat plasma GSH Px can reduce PC-OOH but not
CE-OOH. This is consistent with the presence of CE-OOH and the absence of PC-
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OOH in human and rat plasmas, and suggests the important role of plasma GSH Px

in reducing PC-OOH in vivo.
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